ABSTRACT. Myocarditis is a common cardiovascular disease and frequently occurs in children and teenagers. It is believed to be caused by both endogenous and exogenous factors, among which FAS/FASL gene pair-induced cell apoptosis is a major mechanism of myocardial cell injury. A previous study has detected low expression of microRNA (miR)-98 in myocarditis patients. Therefore, in this study we investigated the functional implications of miR-98 with respect to the disease. We carried out a case-control study including 50 myocarditis patients and 50 healthy individuals. Total RNA was extracted from peripheral blood plasma. Expression levels of miR-98 and the FAS/FASL gene pair were determined by real-time fluorescent quantitative polymerase chain reaction. The interaction between miR-98 and the FAS/FASL pair was visualized by dual-luciferase reporter assay. The expression of the FAS/ FASL gene pair was further detected by transfecting with an miR-98 mimic or an miR-98 inhibitor. The content of miR-98 in the peripheral blood of the myocarditis patients was significantly lower than in the 
INTRODUCTION
Myocarditis is a common cardiovascular disease. It is characterized by acute or chronic inflammation of myocardial cells, and is caused by multiple endogenous and exogenous factors (Ammirati et al., 2015) . Myocarditis can occur in all age groups, but the highest incidence is in children and teenagers (van den Hoogen et al., 2015) . In recent years, the average age of myocarditis sufferers has fallen, severely compromising patients' quality of life (Pereda et al., 2015) . Myocarditis has various clinical severities: most patients present mild symptoms, with complete recovery of cardiac function after systematic treatment. However, certain patients present severe clinical symptoms, and may develop dilated cardiomyopathy with disease progression, resulting in an unfavorable prognosis. A few patients even have severe cardiac arrhythmia or fatal heart failure (Canter and Simpson, 2014; Pettit et al., 2014) . Currently, the pathogenesis mechanism of myocarditis is still under investigation, but it is known to be related to multiple factors including viral infection, oxidative damage, and cell apoptosis (Ramachandra et al., 2010; Caforio et al., 2015; Ladani et al., 2015) . FAS/FASL-induced cell apoptosis is one of the major mechanisms underlying myocardial cell injury (Guo et al., 2015) . To further study the mechanism of myocarditis and to provide a more specific treatment strategy, better biological markers are required. A recently discovered type of regulatory molecule, microRNA (miR), is related to cellular oxidative stress, apoptosis, proliferation, and differentiation (Bartel, 2004) . miR is a small single-stranded non-coding RNA molecule of about 25 nucleotides. It can exert unique biological influence by specifically binding to the 3'-untranslated region (3ꞌ-UTR) of the mRNA of target genes, thereby modulating gene expression (Chen, 2010) . Therefore, in this study we investigated a novel miR and its implications in the pathogenesis of myocarditis.
MATERIAL AND METHODS

Research objects
We conducted a case-control study on 50 myocarditis patients recruited between January 2013 and January 2014 from the Tianjin Nankai Hospital, in parallel with 50 healthy individuals as the control group. Peripheral blood samples (5 mL) were collected and the plasma was separated by centrifugation. The study protocol was approved by the Research Ethics Committee of Tianjin Nankai Hospital, and all patients gave their informed consent before study commencement.
RNA extraction
Total RNA was extracted from the plasma samples using an RNA extraction kit (Invitrogen, Chicago, IL, USA) following the manufacturer instructions. In brief, each 0.5 mL plasma sample was mixed with an equal volume of 2X denaturing solution. After incubation on ice for 5 min, an equal volume of a phenol/chloroform mixture was added before centrifugation at 12,000 g for 5 min. The supernatant was saved and mixed with an equal volume of absolute ethanol. The mixture was separated using a spin column and centrifuged at 12,000 g for 1 min. The column was then washed with 0.7 mL washing buffer during centrifugation at 12,000 g for 30 s. In a new tube, 60 µL RNAse-free water was added to the top of the column to resuspend the RNA, and the mixture was subjected to centrifugation at 12,000 g for 30 s.
Real-time polymerase chain reaction (PCR)
Complementary DNA (cDNA) was synthesized using total RNA as the template. Within a real-time PCR system, cDNA was used as the template along with the appropriate primers (Table 1) and SYBR Green (Toyobo, Osaka, Japan) to detect the levels of miR-98, FAS, and FASL gene expression using a ViiA 7 cycler (ABI, Foster, City, CA, USA). The amplification conditions were: pre-denaturing at 95°C for 5 min; 40 cycles of denaturing at 95°C for 15 s and annealing at 60°C for 60 s; and elongation at 72°C for 60 s. The relative expression level was semi-quantitatively determined using the 2 -∆∆Ct method. 
Luciferase reporter gene
The human myocardial cell line HCM (PromoCell, Heidelberg, Germany) was cultured using Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (Gibco, Grand Island, NE, USA). The luciferase reporter vector was generated by the insertion of a pMIR reporter vector fragment into both wild-type and mutant forms of the miR-89 interaction site of the 3ꞌ-UTR of the FAS/FASL genes. Lipofectamine 2000 reagent (Invitrogen) was then used to transfect those vectors into the HCM cells along with a PTK internal reference reporter vector and the miR-98 mimic. A dual-luciferase reporter gene system (Promega, Madison, WI, USA) was used to quantify the results 48 h after transfection.
Western blotting
The cultured HCM cells were lysed on ice for 30 min using a lysis cocktail containing proteinase inhibitor, followed by ultrasonic rupture for 30 s. The proteins were then collected by centrifugation at 10,000 g for 10 min at 4°C. Proteins in the supernatants were quantified by the BCA method. After separation by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transfer to a polyvinylidene difluoride (PVDF) membrane, blocking was performed with 5% defatted milk powder for 2 h at room temperature. Primary antibodies (1:1000) including those for FAS, FASL, and β-actin were incubated with the membrane at 4°C overnight. After rinsing in phosphate-buffered saline with Tween 20 (PBST), the secondary antibody (1:10,000) was added for another 60-min incubation at room temperature. A chromogenic substrate was then added to visualize the membrane, which was exposed for 90 s. The optical density values of the protein bands were analyzed by computer software for calculating the protein expression levels.
Flow cytometry
The cultured HCM cells were first lysed by trypsin (Gibco), then rinsed in DMEM to prepare single-cell suspensions, which were centrifuged at 1000 g for 5 min to remove supernatants. Blocking was then performed for 10 min, followed by addition of the buffer solution (0.5 mL) and centrifugation at 1000 g for 5 min. After discarding the supernatants, the cell suspensions were mixed with Annexin V solution (0.2 mL) followed by marker solution (0.3 mL) and propidium iodide (PI) dye. After incubation at room temperature for 5 min, the samples were loaded for quantifying myocardial cell apoptosis by flow cytometry.
Statistical analysis
The SPSS 16.0 software was used to process all the collected data, which are reported as means ± standard deviation (SD). Analysis of variance (ANOVA) was used to compare means across groups. Statistical significance was defined as P < 0.05.
RESULTS
miR-98 expression in myocarditis patients
Using real-time PCR, we found significantly depressed (~60%) miR-98 expression in the myocarditis patients compared with the controls (P < 0.05; Figure 1 ). 
Plasma FAS and FASL expression levels
Although previous studies have suggested the involvement of FAS/FASL gene expression in myocardial cell damage, no direct evidence has proven a correlation between plasma FAS/FASL gene expression and myocardial cell injury. Therefore, in this study we detected the expression of the FAS/FASL genes in the plasma samples. The levels of those two genes in myocarditis patients were significantly higher than in healthy individuals (P < 0.05; Figure 2 ). 
Correlation between miR-98 and FAS/FASL genes
miR-98 is downregulated in the plasma of myocarditis patients. Software simulation using TargetScan and miRanda showed that FAS/FASL genes were possible targets for miR-98 (Figure 3) . To directly prove the interaction between miR-98 and FAS/FASL, we performed a dual-luciferase reporter assay, in which both the wild-type and mutant 3'-UTRs of the FAS and FASL genes were constructed in vectors. After transfecting HCM cells with those vectors, in parallel with a PTK internal reference vector and an miR-98 mimic vector 48 h after transfection, the dual-luciferase reporter system detected significant suppression of luciferase activity in the wild-type form of the FAS/FASL vector-transfected cells, while those cells transfected with the mutant form showed no significant changes (Figure 4) . These results suggest the action of miR-98 on the 5'-UTR of both FAS and FASL genes. 
Regulatory effects of miR-98 on FAS/FASL gene regulation
From the dual-luciferase reporter assay mentioned above, miR-98 can bind to the 3'-UTRs of the FAS/FASL genes. To further explore the regulator mechanism of miR-98 underlying FAS/FASL gene expression, we artificially inhibited or potentiated miR-98 expression, and investigated the expression profile of the FAS/FASL gene pair. Forty-eight hours after transfection, FAS/FASL gene mRNA levels were significantly depressed (~0.60-fold) in the miR-98 mimic-transfected cells (P < 0.05; Figure 5A and B). When the miR-98 inhibitor was used for transfection, the mRNA levels of the FAS and FASL genes were elevated (1.65-and 1.83-fold, respectively) compared with the control transfection group (P < 0.05; Figure 5A and B). The western blotting results were consistent with the real-time PCR results ( Figure 5C ). These results collectively suggest the regulation of FAS/FASL gene expression by miR-98.
miR-98 and apoptosis of myocardial cells
Earlier studies have established the involvement of FAS/FASL-induced apoptosis in myocardial cell injury. Our results also indicated the regulatory effect of miR-98 on FAS/ FASL gene expression. Therefore, we further investigated the effect of miR-98 expression on cell apoptosis. Using Annexin V/PI double labeling, we quantified the apoptotic cells by flow cytometry. As shown in Figure 6 , there were fewer apoptotic cells among those transfected with the miR-98 mimic than those transfected with the miR-98 inhibitor (P < 0.05 compared 
DISCUSSION
Myocarditis is a local or diffused inflammatory disease of the myocardial tissues, and is caused by multiple-endogenous/exogenous factors (Bergmann et al., 2015) . The most common subtype is viral myocarditis, which is caused by coxsackievirus B3 (Zhang et al., 2015) . Currently, the exact mechanism behind myocarditis remains unclear, but the critical role played by FAS/FASL-induced apoptosis in the progression of myocarditis is recognized (Zhong et al., 2015) . miR is a small non-coding RNA molecule with a sequence of ~25 highly conserved nucleotides (Wang et al., 2015) . miR can regulate more than 30% of all genes by specific binding to the 3ꞌ-UTR of the target mRNA (Wendler et al., 2011) . The authors of several studies have reported the involvement of miR in various biological processes including cell proliferation, differentiation, apoptosis, and tumor occurrence (Du et al., 2009; Gao et al., 2014) . Therefore, this study aimed to identify a myocarditis-related miR molecule and determine its role in the pathogenesis of myocarditis.
This study found downregulation of miR-89 in the myocarditis patients' plasma samples. To explore the mechanism by which miR-98 acts in the pathogenesis of myocarditis, we further performed target sequence prediction and identified the FAS/FASL gene pair as a potential candidate. FAS, an important membrane surface molecule, and its ligand FASL can affect multiple signaling transduction pathways inducing cell apoptosis (Saxena et al., 2013) . Real-time PCR revealed elevated plasma FAS/FASL gene expression in the myocarditis patients, which corroborated the results from a previous study (Wu et al., 2008) . To further illustrate the relationship between miR-98 and the potential targets (the FAS/FASL gene pair), a dual-luciferase reporter assay was deployed. The results supported the direct binding of miR-98 with the 3ꞌ-UTR of the FAS/FASL gene pair to inhibit gene expression. Further correlation analysis showed a reverse relationship between miR-98 and the level of FAS/FASL expression. These results collectively suggest that FAS and FASL are the target genes under the direct influence of miR-98. The flow cytometry assay showed a decreased apoptotic myocardial cell number after miR-98 overexpression, while potentiated apoptosis occurred following miR-98 downregulation. In summary, our results showed that miR-98 can regulate FAS/FASL gene expression in myocardial cells, and modulate cell apoptosis, thereby affecting the pathogenesis of myocarditis.
